Sexually reproducing organisms must process and respond to internal and external stimuli to successfully synchronize physiological and behavioural processes involved in reproduction. One such cue is an individual's social environment. Interactions with conspecifics affect a female's reproductive activity by inducing, suppressing, and/or accelerating reproductive processes. For example, many studies support the theory that the presence of a same-sex conspecific may suppress an animal's reproductive physiology, whereas an opposite-sex conspecific may stimulate an animal's reproductive physiology. The present study determined whether exposure to a conspecific male or female affects the onset of follicular development in sexually-experienced female leopard geckos (Eublepharis macularius). The data show that follicular growth was not affected by whether female geckos were housed next to a male conspecific, a female conspecific, or isolated from conspecifics. In addition, the number of days until the initiation of follicular development of female geckos was not affected by whether the females were housed in the presence of a conspecific or in isolation. The results are discussed within the theoretical framework of the effects of social cues on the reproductive physiology of females and the limited empirical data about such effects in squamate lizards.
Introduction
Sexually reproducing organisms utilize numerous cues from the external environment to successfully synchronize physiological and behavioural processes involved in reproduction. Organisms may process cues such as day length, rainfall, temperature, and resource availability as important indicators of the appropriate timing of reproductive activities (Licht, 1973; Duvall et al., 1982; Marion, 1982; Bona-Gallo & Licht, 1983) . The correct reception, interpretation and response to such cues must be coordinated for animals to reproduce. If organisms fail to process and respond to external cues appropriately, energy may be expended on a failed reproductive event. Although abiotic factors are important in successfully initiating reproductive events (Licht, 1973; Duvall et al., 1982; Marion, 1982; Bona-Gallo & Licht, 1983; Prendergast et al., 2001) , biotic factors, such as an animal's social environment, may also affect the reproductive activities of females (Wasser & Barash, 1983; Brown, 1985; Wingfield & Moore, 1987) .
Many studies, particularly on mammals, support the view that interactions with female conspecifics may lower the reproductive output of the subject female (Brown, 1985) . Females may have their reproductive cycles suppressed following interactions with female conspecifics (Wasser & Barash, 1983; Matsumoto-Oda & Kasuya, 2005) . In hierarchical social and mating systems, as found in eusocial insects, mongoose, wild dogs, wolves and some monkeys, the reproductive cycles of subordinate females are suppressed by the presence of dominant females (Wasser & Barash, 1983; Barrett, 1990; Clutton-Brock, 1998) . Direct interactions with other females can affect a female's reproduction if resources are limited. Larger, more aggressive or resident females may prevent female conspecifics from acquiring resources needed for reproduction (Matsumoto-Oda & Kasuya, 2005) . Similarly, indirect behavioural interactions between females may affect the timing of reproduction for some females. For example, in some species of rodents, the odors of other females suppresses the estrus cycles, lowers the incidence of pregnancy, or delays sexual maturation of nearby females (Whitten, 1956 (Whitten, , 1959 Clee et al., 1975; Wasser & Barash, 1983; Brown, 1985; Feron & Gheusi, 2003; Koyama, 2004) .
Interactions between opposite-sex conspecifics may also affect the reproductive activities of females. In general, interactions with males may allow females to coordinate reproductive events with potential mates. The frequency of such interactions may provide a female with information as to the availability of potential mates (Lea et al., 2001; Koyama, 2004) . This would reduce the energetic costs associated with finding a mate and increase the likelihood of producing offspring (Lea et al., 2001 ). In addition, interactions with males may stimulate aspects of reproductive behaviour and physiology of females, particularly in female mammals (Brown, 1985) . Among spontaneous ovulators, the presence of a male conspecific often coincides with the onset of ovulation. If a female initiates reproductive events outside of the presence of a male, she may fail to have her eggs fertilized, expending energy on a failed reproductive event (Brown, 1985; McComb, 1987) . Among induced ovulators, stimulation by the male during coitus is needed for females to ovulate. In this case, females will not initiate the reproductive process until a male conspecific is present (Colby, 1970; Mendonca & Crews, 1990; Taylor et al., 1992) . Olfactory cues from males also stimulate females to become reproductively receptive as well as synchronize estrus in grouped females (Whitten, 1956 (Whitten, , 1958 Brown, 1985) .
Although social interactions and cues from conspecifics are often sufficient to affect the reproductive physiology and behaviour of female mammals (Wasser & Barash, 1983; Brown, 1985; Solomon et al., 1986) , less is known about the effects of social interactions or cues from conspecifics on the reproductive physiology of females from other taxa. In squamate lizards, direct social interactions with male conspecifics can affect female reproductive physiology. For example, in pythons, Anolis lizards, garter snakes, and whiptail lizards, males can induce and/or accelerate follicular development in females if they are housed together and allowed to have sustained contact with one another (Crews, 1975; Crews et al., 1986; Mendonca & Crews, 1990; DeNardo & Autumn, 2001 ). However, a study on leopard geckos reported that female-female direct interactions had no effect on female reproductive condition, but ovulation rate was modified when females were housed with males (Tousignant et al., 1995) . The results of that study (Tousignant et al., 1995) , however, are difficult to interpret. Tousignant et al. (1995) did not have a control group with which to compare their results and pairs of leopard geckos were housed together, which allowed for unrestricted physical interactions, including mating between male and female pairs. It is possible that the effects that they observed were either due to the physical interactions between the males and females, the act of coitus, or through odor, auditory, or other indirect cues, alone or in some combination. Studies have shown that calls and songs by male conspecifics without physical contact are sufficient to stimulate ovarian development in some species (Lehrman & Friedman, 1969; Lea et al., 2001) .
Although the literature on the effects of social interactions on aspects of sexual behaviour and physiology of female squamate lizards is growing (Tousignant et al., 1995; López & Martín, 2001; LaDage & Ferkin, 2006 , 2007 , we do not know if reproductive physiology is altered when females do not have direct social interactions with conspecifics. This is important in that many squamate lizards, including female leopard geckos (Eublepharis macularius), are asocial and tend to have few direct, physical interactions with male conspecifics prior to mating (Olsson & Madsen, 1998) . Consequently, females would have to encounter cues of male conspecifics and possibly respond to these cues before they have direct interactions with these males. Indeed, for leopard geckos and Iberian rock lizards, olfactory cues are needed to attract opposite-sex conspecifics (Mason & Gutzke, 1990; López & Martín, 2001) . Females use odor cues of male to assess features of a potential mate's quality (Martín & López, 2000; López et al., 2002) . Once the female selects a male, they will both use odor cues to initiate courtship behaviour (Garstka & Crews, 1981; López & Martín, 2001) . It is not known, however, if such non-tactile cues from males also prime the reproductive physiology of female squamate lizards such that the females are reproductively competent when they have direct social interactions with males. In the present study, we tested the hypothesis that the presence of a conspecific, and not direct social interactions with that conspecific, can modify the reproductive physiology of female leopard geckos. Specifically, we determined whether the presence and absence of nearby male and female conspecifics affects follicular development in sexually-experienced female leopard geckos. If so, we would predict that the presence of a male conspecific would accelerate follicular development of exposed females relative to that of isolated females, whereas the presence of a female conspecific would suppress follicular development of exposed females relative to that of isolated females. Such a finding would be consistent with a general trend across taxa showing that male cues stimulate and that female cues inhibit aspects of reproductive physiology in females (Wasser & Barash, 1983; Brown, 1985; Mendonca & Crews, 1990) . Alternatively, the presence of either a male or female conspecific may not affect the follicular development of exposed, compared with isolated, female leopard geckos, suggesting that cues from conspecifics are not sufficient to induce changes in follicular development among female leopard geckos.
Material and methods

Animals
All leopard geckos used in this study were hatched and individually reared in the laboratory, between the ages of 3 and 4 years old and proven breeders from the previous season. Before the study, male and female geckos were housed individually in opaque Plexiglas enclosures (60.9 cm length × 30.5 cm width × 20.3 cm height) with paper toweling substrate. We housed all animals in a room where temperature ranged between 20 and 24
• C. Temperature was stabilized by having the cages supplemented with under-enclosure regulated heat strips to promote behavioural thermoregulation (Big Apple flexible heat rope, Big Apple Herpetological, USA). Geckos were provided with a halved plastic cup as shelter. Crickets and mealworms dusted with calcium powder and multivitamins were provided three times a week and access to water was continuous. All geckos were maintained on ambient day length to assure the initiation of reproductive activities. During the course of the study, which began on 2 January 2006 and culminated on 2 June 2006, all geckos were exposed to a naturally increasing day length.
Treatment groups and experimental design
We established three treatment groups for the female leopard geckos. In one treatment group (male effect), a female leopard gecko was housed next to a male gecko (N = 12 male-female pairs). In the second treatment group (female effect), a female leopard gecko was housed next to another female (N = 12 female-female pairs). In the last treatment group (isolation), a female leopard gecko was housed in isolation (N = 12 females). We matched females in units of four according to their body weights. We randomly assigned these four females as follows: (1) one of the females was assigned to a male in the male-effect group, (2) two females were assigned as neighbors in the female-effect group and (3) the remaining female was assigned to the isolated-effect group. A randomly chosen female of the two female neighbors in the female effect group was considered the subject female while the other female was designated as the stimulus donor female. Therefore, data were only collected on the subject female for each dyad in the female effect group.
Housing of the male/female dyads and the female/female dyads was similar to that described above such that geckos were housed individually in opaque Plexiglas enclosures (60.9 cm length × 30.5 cm width × 20.3 cm height). During the course of the study, however, the enclosures of each dyad were placed side-by-side such that the long walls between the two enclosures were adjacent to one another. The long walls were then removed and replaced with mesh partitions, which allowed for visual, auditory, and olfactory cues to be exchanged between the members of the dyad, but restricted physical contact. Females in the isolation group were similarly housed but the neighboring enclosure did not contain a conspecific.
We began the experiment in early January, when all individuals were reproductively quiescent. We allowed the study to run 22 consecutive weeks, which allowed us to encompass the majority of the breeding season as well as assure that both males and females had sufficient time to initiate reproductive activities (L. LaDage, personal observation). During this 22-week period, we measured follicular growth in the female leopard geckos in the three treatment groups. Measurements were taken every seven days between 0900 and 1100. Specifically, we collected data on the presence or absence of follicular development every week for each female, and, if follicular development had occurred, the number of days taken to initiate follicular development. We determined follicular growth by visual inspection, as follicular growth is apparent through the translucent abdomen wall (Rhen et al., 2000) . We scored a female as exhibiting follicular growth when the diameter of the developing follicles was greater than 6 mm (Rhen et al., 2000) .
Statistical analyses
We compared the presence or absence of follicular growth among females housed adjacent to a male, females housed adjacent to another female and females housed in isolation with a 2×3 two-tailed Fisher's exact test. We also compared the number of days it took for follicular development to occur. To do so, we log transformed number of days taken to initiate follicular growth to conform to the assumption of homogeneity of variances (Levene's test) prior to using this data in the ANOVA. We used the ANOVA to elucidate differences in the number of days taken to initiate follicular growth among females housed next to a male, females housed next to another female and isolated females. Statistically significant differences were accepted at p < 0.05 for all analyses.
Results
By the end of the 22-week testing period, the presence or absence of follicular growth among the three treatments was not statistically different (Fisher's two-tailed exact test: p = 0.591). That is, 10 of the 12 females housed adjacent to a male conspecific (83.3%), 12 of 12 females housed adjacent to a female conspecific (100%), and 12 of 12 females housed in isolation (100%) exhibited follicular growth.
We also found the number of days taken to initiate follicular growth in female leopard geckos did not differ if females were housed next to a male, another female or in isolation (F 2,31 = 0.398, p = 0.675). Specifically, the mean ± SEM days to initiate follicular development were similar among female leopard geckos housed next to a male (59.3 ± 4.7 days), females housed next to another female (54.3 ± 2.5 days) and females housed in isolation (54.5 ± 3.6 days).
Because we found no statistical differences in follicular development across the treatment groups we conducted a power analysis. For our power analysis, we used data from a similarly designed study, where differences among treatments in the number of days taken to initiate follicular development were detected at 2.5 weeks (Crews et al., 1986) . Similar to the study by Crews et al. (1986) , our study had sufficient power to detect differences, if differences were present, in the number of days taken to initiate follicular growth between females housed in isolation compared with females housed adjacent to males (power = 0.99). Likewise, we also had sufficient power to detect differences in the number of days taken to initiate follicular growth between female leopard geckos housed adjacent to other females compared with females housed adjacent to males (power = 0.976). The power to detect differences between females housed in isolation and females housed next to other females was 0.37. Thus, the lack of statistical significance in follicular development across the different treatment groups was not likely a result of small sample size and/or large variance.
Discussion
We assessed whether cues from adjacent male and female conspecifics were sufficient to alter the timing of follicular development in female leopard geckos. First, we found that the cues of female conspecifics housed adjacent to subject females were not sufficient to suppress or lengthen time until the initiation of follicular development of sexually-experienced female leopard geckos. Although our methodology differed, this result was consistent with previous findings that female leopard geckos exhibited follicular growth whether housed in isolation or housed together in all-female groups (Tousignant et al., 1995) . Our findings are also similar to those found in females from squamate and insect species, in which females initiate their reproductive cycles while in the presence of other females (Crews et al., 1986; DeNardo & Autumn, 2001; Moore & Moore, 2003; Pereira et al., 2006) . Second, we found that male cues, outside of physical interaction and/or coitus, were not sufficient to shorten the initiation and/or time until initiation of follicular development of female leopard geckos. Thus, the reproductive physiology of female leopard geckos appears not to be affected by non-tactile cues produced by nearby conspecifics as it does in a number of species in different taxa (Lehrman & Friedman, 1969; Bronson, 1979; McComb, 1987; Widowski et al., 1998; DeNardo & Autumn, 2001; Lea et al., 2001; Moore & Moore, 2003; Koyama, 2004; Pereira et al., 2006) . Therefore, it seems that female leopard geckos do not fit the general trend across taxa showing that male cues stimulate and that female cues inhibit aspects of reproductive physiology in females (Wasser & Barash, 1983; Brown, 1985; Mendonca & Crews, 1990) .
Our results, however, also contrast with Tousignant et al. (1995) , in that, in their study, female leopard geckos living with males earlier in the season ovulated faster than females living with males later in the season. However, direct comparisons between their results (Tousignant et al., 1995) and ours are tenuous. Our females were not allowed direct physical interactions and coitus with males, whereas the females were forced to interact with males in the study by Tousignant et al. (1995) . In addition, we compared our treatment groups (housed next to a male and housed next to a female) to a control group of isolated females. In contrast, Tousignant et al. (1995) did not have a control group; they compared their treatment groups to one another. Moreover, that study (Tousignant et al., 1995) did not allow leopard geckos an initial period to assess the cues of conspecifics. As with most solitary squamates, a female leopard gecko may need to interact with a male's cues and assess them before she chooses him as a potential mate. Simply placing a male and female leopard gecko together, before a female can assess his cues, may not occur in nature and subsequently may produce results that may be difficult to interpret (Garstka & Crews, 1981; Mason & Gutzke, 1990; López & Martín, 2001) . The importance of female assessment of males cannot be understated as male and female leopard geckos discriminate between the sexes (Mason & Guzke, 1990; Steele & Cooper, 1997) , between familiar and unfamiliar opposite-sex conspecifics (Steele & Cooper, 1997) as well as between two familiar opposite-sex conspecifics (LaDage & Ferkin, 2006) . Assessment of males by female leopard geckos may be crucial for females to copulate with selected males when follicular development is complete (Rhen et al., 2000) .
The fact that follicular development was not affected by non-physical social cues from conspecifics may be associated with aspects of the social biology and life history of leopard geckos and other squamates. Previous studies on squamates suggest that females may initiate reproductive activities regardless of the presence of a male (Crews et al., 1986; DeNardo & Autumn, 2001 ). This may not be surprising, as most squamates are solitary and may not come into contact with opposite-sexed conspecifics frequently or for long durations (Olsson & Madsen, 1998) . Thus, the presence of transient males or their cues may not be suitable or accurate indicators for the correct timing of reproductive activity for females. Further, the reproductive tracts of many squamate females allow for sperm storage (Olsson & Madsen, 1998) . Female leopard geckos can store sperm over the course of the breeding season and females may produce up to eight clutches per breeding season from one or two copulations (L. LaDage, personal observation; R. Tremper, personal communication). By doing so, females may dissociate the physical act of mating and the physiological act of ovulation (Birkhead & Møller, 1993; Olsson & Madsen, 1998) . Therefore, outside of the first copulation, the presence of a male or his cues may not be needed to attain reproductive success among females in sperm storing species. However, it is possible that in species that do not store sperm, coordinating ovulation and sperm procurement may be of greater importance, and the presence of a male or his cues may be necessary to coordinate reproductive activities among females. In such species, the presence of a male or copulations with a male may insure that females are sexually receptive and that they receive viable sperm when they encounter males (Larivière & Ferguson, 2003) . If a female initiates reproductive events outside of the presence of a male, she may expend energy on reproductive processes, which could lead to a failed reproductive event (McComb, 1987) and potentially decrease parental investment by the female in future reproductive events (Trivers, 1972) .
If non-physical social cues, such as visual, auditory and olfactory cues, do not affect the reproductive physiology of female leopard geckos, what other factors may affect it? It is possible that female leopard geckos use other cues to insure that they are reproductively capable when they encounter a conspecific male. In many animals, the activation and timing of reproductive processes may be mediated through biotic factors such as physical contact or coitus or through abiotic factors, such as increasing photoperiod, temperature and/or rainfall (Colby, 1970; Bronson, 1979; Marion, 1982; Brown, 1985; McComb, 1987; Mendonca & Crews, 1990; Taylor et al., 1992; Tousignant et al., 1995; Solomon et al., 1996; Lea et al., 2001; Koyama, 2004) . As with some rodents, physical interactions and mating appear to modify the reproductive physiology of reptiles. The presence of males appears to modify follicular development, either through inducing or accelerating follicular development, in females if males and females are allowed physical contact and/or mating (Crews, 1975; Crews et al., 1986; Mendonca & Crews, 1990; Tousignant et al., 1995; DeNardo & Autumn, 2001) . Detangling physical contact and the act of mating may also reveal which of these cues are sufficient to induce and accelerate follicular development in females. Although we did not directly test the role of abiotic factors in mediating follicular growth and development, our study was carried out between January and June under a naturally increasing photoperiod. It is possible that in our study, increasing day length may have stimulated follicular development in female leopard geckos.
